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Hyptis suaveolens: An emerging invader of Vindhyan
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This article addresses the change in species composition in Hyptis suaveolens-dominated and H.
suaveolens-uninvaded locations in theVindhyan dry deciduous forest of India.We also assessed
the environmental variables that affect the dominance of this species in sites where it has
invaded.The canonical correspondence analysis (CCA) indicated that there was a significant
change in species composition in those sites dominated by H. suaveolens.The CCA ordination
also suggested that H. suaveolens prefers locations with a high pH and rocky areas with a sandy
substrate.The results also showed that the number of native species in the community decreases
with the increasing dominance of H. suaveolens. This suggests that, for the conservation of
biodiversity and the management of areas that are especially dominated by H. suaveolens, the
focus needs to be on areas with a high level of rockiness in the Vindhyan plateau, India.
Keywords: biological invasions, canonical correspondence analysis, dry deciduous forest,
Hyptis suaveolens, India.
Biological invasions are considered to be a significant
threat to biodiversity (Mack et al. 2000). Invading species
can affect the vegetation by altering natural disturbance
regimes (Mack & D’Antonio 1998) and reduce diversity
(Meiners et al. 2001). In addition, invasion can affect
plant communities through interspecific interactions
(D’Antonio et al. 1998; Christian & Wilson 1999). Inva-
sive species are often well known for their tendency
to alter species richness within invaded communities
(Rejmánek & Rosén 1992; Hager & McCoy 1998;
Parker et al. 1999;Meiners et al. 2001).Therefore, invasive
species have been shown to have consistently negative
effects on the communities they invade,which is possibly
also true for species like Hyptis suaveolens Poit. (Lami-
aceae). Hyptis suaveolens may be considered as one of the
most serious invaders in the Vindhyan dry deciduous
forest of India after Lantana camara (Sharma et al. 2005;
2007; Sharma & Raghubanshi 2006). Invaders can have
markedly different effects on native and non-native plant
species in a community.To date, no comprehensive study
is available that shows the effect of H. suaveolens domi-
nance on the species composition of a community.Thus,
comparative and experimental studies are essential for
developing a comprehensive understanding of how H.
suaveolens could affect species composition.We hypoth-
esized that the numerical dominance of H. suaveolens
affects species composition and further tested which
environmental factors are responsible for its dominance.
To test this hypothesis, we evaluated the response of
communities with and without H. suaveolens in the
Vindhyan dry deciduous forest of India.
MATERIALS AND METHODS
Plant species
Hyptis suaveolens (Lamiaceae) is an erect, annual, woody
herb, commonly 1 m in height (maximum height =
1.5 m) and reproduces by seed and root stocks (Willis
1973). It is commonly known as horehound weed or
mint weed, is native to tropical America, and is now a
pantropic weed (Hutchinson & Dalziel 1963; Hickey &
King 1988).The leaves are ovate, 4–9 cm long, pointed at
the tip, pointed-to-somewhat heart-shaped at the base,
and toothed on the margins. The flowers occur in the
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axils of the leaves in long stalks.The calyx, in flower, is
hairy and ~4 mm long, but it soon enlarges into fruit to
~1 cm long, with erect, stiff teeth.The corolla is blue and
~8 mm long, with a limb of 5 mm in diameter, and the
nutlets are ~1.2–1.5 mm long (Stone 1970). The seeds
are flat and characteristically dimorphic. This dimor-
phism is reflected in the seed size (Wulff 1973). Seed
polymorphism might help in the plant’s establishment at
different microsites or safe sites (Sagar 1960; Harper
et al. 1961). Hyptis suaveolens is a prolific seed producer
and dense infestations can yield up to ~3000 seeds m-2,
forming persistent propagule banks within a short
period.The seeds are slightly notched and they are pro-
tected by spined burrs that help in the seeds’ dispersal
through animal fur (Stone 1970; Parsons & Cuthbertson
2000). Hyptis suaveolens can germinate under a wide
variety of temperature conditions and it tolerates dry
periods well (Felippe et al. 1983). It is found on a variety
of habitats, like railway tracks, roadsides, foothills of open
forests, and forest clearings, and can heavily invade
wastelands, particularly on arid and rocky substrates
(Verma & Mishra 1992; Mudgal et al. 1997). In India, H.
suaveolens was not recorded in theVindhyan highlands in
1903 during a large survey (Duthie 1903). However,
Agrawal (2002) reported heavy infestations of H. suaveo-
lens 2 km north of the superthermal power plant at Sin-
grauli, where as recently as 10 years ago, the species was
not prevalent in the area. Hyptis suaveolens has spread
widely in open areas of this forest and can be classified as
a major common and widespread invader (Sharma et al.
2007).
Study area
The study area lies on theVindhyan plateau, Sonebhadra
District, Uttar Pradesh (24°13′–24°19′ N; 83°59′–
83°13′ E) and is 315–485 m a.s.l.The climate is tropical
monsoonal, with a mean annual rainfall of 821 mm.
Red-colored and fine-textured sandstone (Dhandraul
orthoquartzite) is the most important rock of the area.
Sandstone generally is underlain by shale and limestone.
The soils derived from these rocks are residual ultisols
and are sandy-loam in texture, extremely poor in nutri-
ents, and support tropical dry deciduous vegetation (Jha
& Singh 1990;Raghubanshi 1992).These soils are part of
the hyperthermic formation of typical plinthustults with
ustorthents, according to the VII approximation of the
United States Department of Agriculture’s soil nomen-
clature (Singh et al. 2002).The potential natural vegeta-
tion of the region is tropical dry deciduous forest, which
is locally dominated by species such as Anogeissus latifolia,
Boswellia serrata, Buchanania lanzan, Diospyros melanoxylon,
Hardwickia binata, Lagerstroemia parviflora, Lannea cormen-
delica, Madhuca longifolia, Shorea robusta, and Terminalia
tomentosa (Sagar et al. 2003).All the locations chosen had
similar environments and land-use histories.
Data collection and analysis
A total of 10 locations was selected after a reconnaissance
survey of the region. Five locations were selected where
H. suaveolens was observed as a dominant flora (invaded
plots) and the other five locations were selected where
H. suaveolens was completely absent (uninvaded plots).
The invaded and uninvaded plots were located ~300 m
from one another and all the samples were collected on
flat terrain. Samples were collected from both the
invaded and uninvaded locations. At each location, four
50 cm ¥ 50 cm plots were established randomly (~50 m
from one another) and sampled for herbaceous species
vegetation. At each location, soil samples also were col-
lected and further analyzed for physical and chemical
characteristics. The percentage rockiness also was esti-
mated at each location. The mean Importance Value
Indices (IVIs) were calculated for each location by using
the formula (Curtis 1959):
IVI
RF RD RA= + +
3
, (1)
where RF = the relative frequency, RD = the relative
density, and RA = the relative abundance.
Diversity indices were calculated for the plant species at
each location by using the equations:
′ = − ( )
=






In the above equations, S = the number of species, pi =
the proportion of individuals belonging to species i, H′ =
the Shannon-Wiener Index, and ln = the natural log (i.e.
base 2.718).
The Shannon-Wiener Diversity Index was calculated by
using Biodiversity Pro version 2.0 (McAleece 1997).The
separation of the species into native and non-native was
accomplished by using the Index Kewensis (Jackson 1895)
and personal communication with Dr U. Dhar (G. B.
Plant Institute of Himalayan Environment and Develop-
ment,Almora, India).The soil pH (1:2.5 soil : water) was
determined by a digital pH meter (7025M Titrino;
Metrohm, Zofingen, Switzerland), the level of organic
carbon was measured by the Walkey and Black rapid
titration method (Jackson 1958), and the total nitrogen
was measured by using a Gerhardt Kjeldal analyzer (Ger-
hardt, Königswinter, Germany). The soil moisture was
measured in the field by using a Theta probe (Delta-T,
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Cambridge, England). The soil also was analyzed for
sand, silt, and clay fractions by the hydrometer method
(Bowles 1988).
The canonical correspondence analysis (CCA) was
carried out by using the canoco 4.5 version (ter Braak
& Šmilauer 2002).The species data matrix was analyzed
by CCA using an environmental data matrix separately
in order to examine the relationships between the species
and the environmental variables (Zhang 1998).
RESULTS AND DISCUSSION
A total of 54 species from the study area was recorded: 46
species occurred in the H. suaveolens-dominated loca-
tions and 51 species occurred in the locations where H.
suaveolens was absent (Table 1). The Shannon-Wiener
Diversity Index significantly decreased with increasing
H. suaveolens dominance (r2 = 0.85, P = 0.00; Fig. 1), sug-
gesting that the species diversity decreased with increas-
ing H. suaveolens dominance. For the species data, the
CCA axes 1 and 2 accounted for 47.2 and 58.8 cumu-
lative percentage variation, respectively (Fig. 2). For the
species–environment relationship data, the CCA axes 1
and 2 accounted for 53.4 and 66.5 cumulative percent-
age variation, respectively. The axes revealed a strong
relationship between the species and environmental vari-
ables (see Table 2 for Eigenvalues and correlations).The
CCA axes of the species were closely related to those of
the environmental variables. The first CCA axis was
much more significantly correlated with the environ-
mental variables and explained much ecological
IVIs of Hyptis suaveolens (L.) Poit.


























Fig. 1. Relationship between the Shannon-Wiener
Diversity Index (H′) and the Importance Value Indices
(IVIs) of Hyptis suaveolens (L.) Poit. (Hy), according to H′ =
1.3882 - 0.009 (IVI Hy); r2 = 0.8535; P = 0.00.
Fig. 2. Canonical correspondence
analysis ordination of the species associ-
ated with Hyptis suaveolens-dominated
(H1–5) and H. suaveolens-uninvaded
(C1–5) locations and various environ-
mental variables. C, % soil carbon;
Moisture, % soil moisture; N, % soil
nitrogen. See Table 1 for the species’
abbreviations.
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Table 1. Importance value indices of the species in each location at the sites invaded and uninvaded by Hyptis
suaveolens
Plant species Species type Invaded locations Uninvaded locations
H1 H2 H3 H4 H5 C1 C2 C3 C4 C5
Alysicarpus vaginalis (L.) DC.; Av† N 1.8 – – 1.9 – 6.3 4.9 3.9 3.3 2.3
Andrographis echioides Nees.; Ae N – – – 1.1 – 5.5 5.5 2.2 1.6 4.5
Barleria cristata L.; Bc N – – – – – 3.8 2.8 7.0 9.0 5.9
Barleria prionitis L.; Bp NN – 0.6 – 1.9 1.8 3.0 0.3 0.2 – –
Begonia picta Sm.; Bpi N – – – – – 0.2 3.9 10.0 5.7 2.5
Biophytum sensitivum DC; Bs NN – – – – 4.6 0.1 – 1.9 – –
Borreria articularis Will; Ba NN – – 1.9 – – 1.6 2.2 – – –
Borreria pusilla DC; Bpu NN 1.9 2.5 1.2 – – 0.7 0.7 0.9 1.0 1.8
Canscora diffusa; Cd NN – – – – – 1.5 1.5 – 1.3 1.7
Cassia mimosoides L.; Cm NN – 1.4 – – – 0.3 1.8 0.1 0.4 0.7
Cassia tora L.; Ct NN 8.0 4.5 1.7 3.4 1.1 0.5 – 0.4 – –
Chrysopogon fulvus Chiov.; Cf NN – – 1.5 – – 2.4 – 2.2 0.8 0.2
Commelina cristata L.; Cc NN 0.3 – – – – 1.9 0.6 0.7 – –
Corchorus trilocularis L.; Ctr NN – – – – 3.9 0.0 1.1 2.7 – 0.4
Crotalaria albida Heyne ex Roth; Ca N – – – – – 3.2 6.2 – – 10.0
Crotalaria prostrata Rottl. ex Willd.; Cp N – – – 0.2 – 3.9 8.0 3.0 0.3 6.1
Curculigo orchioides Gaertn.; Co NN 2.1 – 1.0 2.6 1.2 1.8 – – 0.2 –
Cyanotis axillaris Schult.; Cax N 1.2 1.0 – – – 1.8 3.9 2.6 3.0 2.0
Cyperus cyperoides Kuntze.; Ccy NN 2.9 3.2 1.4 – 1.2 0.8 3.8 2.8 0.3 1.4
Desmodium gangeticum DC.; Dg NN – – 1.8 3.9 4.0 0.3 0.8 0.3 4.8 2.1
Desmodium triflorum DC.; Dt NN 3.4 0.2 0.8 2.5 0.6 3.6 3.0 3.7 1.6 11.1
Dichanthium annulatum Stapf; Da NN – – – – 0.5 1.9 0.2 2.9 – 2.4
Elephantopus scaber L.; Es NN 1.4 2.9 1.9 – 1.1 0.2 0.6 0.3 – –
Eragrostis tenella Beauv ex R. & S.; Et NN – – – – – 3.3 2.7 0.7 3.9 0.3
Evolvulus alsinoides L.; Ea NN – – 1.3 3.2 3.1 0.6 – 0.9 – –
Evolvulus nummularius L.; En NN 1.5 1.7 1.5 – – – 0.8 1.9 – –
Fimbristylis ferruginea Vahl; Ff NN 3.5 3.7 2.4 – – 0.9 2.5 1.2 5.7 0.5
Habenaria commolinifolia; Hc N – – – 1.9 6.1 0.3 – 0.3 0.3 –
Hibiscus lobatus Ktze.; Hl NN – – – – – 0.5 1.4 – – 0.3
Hyptis suaveolens (L.) Poit.; Hyptis NN 36.8 40.5 60.5 52.2 53.6 – – – – –
Imperata cylindrica L.; Ic NN 3.8 1.7 – 4.6 1.4 0.3 – 1.5 – –
Justicia simplex Don.; Js N – – – – 1.2 2.2 6.3 3.7 4.0 2.2
Leucas biflora R.Br.; Lb N 1.3 4.8 1.8 – 1.8 1.3 – 0.3 4.6 5.7
Lindernia ciliata Pennell.; Lc N 1.6 2.7 – – – 1.3 6.6 0.3 0.9 0.1
Lobelia alsinoides Lamk.; La NN – – – – – 1.6 – 0.6 0.6 0.2
Melochia corchorifolia L.; Mc NN 0.6 – – 3.6 – 1.0 4.5 0.9 1.6 2.0
Mollugo nudicaulis Lamrk.; Mn NN 1.4 1.9 1.1 4.0 4.8 1.1 – 2.0 0.5 –
Oldenlandia biflora Lamk.; Ob NN – – 1.1 – – 1.2 1.0 1.1 0.2 1.1
Oplismenus compositus Beaub.; Oc NN 3.1 – – – – 2.2 – 1.6 0.1 –
Paspalidium flavidum Camus.; Pf NN 1.0 1.4 2.4 – – 2.8 0.6 5.8 – –
Phyllanthus niruri L.; Pn NN 1.7 1.5 – – – 1.4 0.8 0.4 0.7 –
Phyllanthus urinaria L.; Pu NN – 1.0 – 3.2 3.0 2.9 3.2 1.4 1.9 0.2
Physalis minima L.; Pm NN – – 1.1 1.0 – 0.3 0.4 1.8 – –
Rungia pectinata Nees.; Rp N – – – – – 8.4 0.2 3.1 6.6 7.9
Setaria pumila R. & S.; Sp NN 1.8 3.9 1.2 – – – – – – –
Sida acuta Burm.f.; Sa NN – 3.8 – 1.3 – 10.4 5.9 12.9 29.5 10.0
Sida cordifolia L.; Sc NN 3.6 3.0 – – – 0.3 – – – –
Sida spinosa L.; Sp NN 3.2 2.3 3.7 – – 0.4 0.2 1.3 – –
Sporobolus diander Beauv.; Sd NN 3.2 – 1.6 – 2.5 1.5 1.7 1.7 1.6 2.5
Tephrosia pumila Pers.;Tp NN 2.8 – 1.8 2.9 – 3.5 3.7 2.4 3.1 6.1
Triumfetta pentandra Rich;Tpe NN 1.4 – – – – 2.1 2.1 1.2 0.9 2.0
Urena lobata L.; Ul NN 0.8 8.0 3.3 3.6 2.7 – – – – –
Vernonia cinerea Less.;Vc NN 2.1 1.3 1.4 – – 1.0 0.8 – – –
Zornia diphylla Pers.; Zd NN 2.1 1.5 1.5 1.7 – 2.8 3.0 3.3 – 4.2
Total species – 29.0 25.0 25.0 20.0 20.0 50.0 39.0 44.0 32.0 32.0
† Abbreviations of the species are listed after the species’ names.The native locations of the plant species were sourced from Jackson (1895). In order to segregate the native
(N) and non-native (NN) plant species, a list was used from Dr U. Dhar (G. B. Plant Institute of Himalayan Environment and Development, Almora, India).
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information, with an Eigenvalue of 0.619. However, sig-
nificant differences in the soil properties between the
H. suaveolens-dominated locations and the H. suaveolens-
uninvaded locations occurred, indicative of the specific
preferences of H. suaveolens (Table 3), although specific
environmental factors affecting H. suaveolens dominance
were revealed through CCA (Fig. 2).
The CCA ordination showed the uniqueness of each
location in terms of species composition, as the locations
were not spatially associated graphically (Fig. 2). This
indicates that the species composition differed at the H.
suaveolens-dominated locations and the H. suaveolens-
uninvaded locations and was influenced by different
environmental variables. Table 4 shows the correlations
of the environmental variables with the CCA axes, indi-
cating the specificity and importance of different envi-
ronmental variables.The first CCA axis was significantly
related to the total C, total N, and moisture and clay







































































Fig. 3. Canonical correspondence analysis ordination of
native (n) and non-native (nn) species and various environ-
mental variables.The pie charts indicate the proportion of
native (white) and non-native (black) plant species at each
location (Hyptis suaveolens-dominated [H1–5] and H.
suaveolens-uninvaded [C1–5] locations). C, % soil carbon;
Moisture, % soil moisture; N, % soil nitrogen.
Table 2. Eigenvalues and correlations of the canonical
correspondence analysis (CCA) axes between the species
and environmental variables
CCA axes
Axis 1 Axis 2 Axis 3 Axis 4
Eigenvalue 0.619 0.152 0.130 0.085
Correlation 1.000 0.977 0.973 0.993
Table 3. Soil physical and chemical properties at the
locations invaded and uninvaded by Hyptis suaveolens
Soil property Location
Invaded Uninvaded
C (%) 2.51  0.61a 3.11  0.06b
N (%) 0.20  0.01a 0.26  0.01b
pH 7.29  0.03a 7.10  0.02b
Moisture (%) 16.20  1.36a 23.80  0.58b
Sand (%) 81.20  0.58a 73.00  0.95b
Silt (%) 17.20  0.66a 23.50  0.95b
Clay (%) 1.60  0.24a 3.50  0.22b
Rockiness (%) 45.0  3.54a 13.0  2.55b
Values in a row with different letters are significantly different from
each other according to Tukey’s HSD test at p < 0.05.




Axis 1 Axis 2 Axis 3 Axis 4
C (%) -0.7966 0.2644 0.2128 0.1697
N (%) -0.8858 -0.3003 -0.0022 0.0430
pH 0.9291 -0.1376 -0.2494 -0.0841
Moisture (%) -0.8848 0.0503 0.0725 -0.1507
Sand (%) 0.9279 -0.0831 0.0770 -0.1604
Clay (%) -0.8812 -0.2372 0.0370 0.3426
Rockiness (%) 0.9373 -0.0538 0.1076 -0.1627
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positively and significantly correlated to the pH, sand
content, and level of rockiness (Fig. 2, Table 4). In rela-
tion to the environmental variables, the pH, sand
content, and level of rockiness are important for H.
suaveolens dominance. Raizada (2006) compiled a set of
attributes that leads to the rapid spread of H. suaveolens in
open areas; namely, superior reproduction (Aluri &
Reddi 1989), dispersal benefits (Parsons & Cuthbertson
2000), probable allelopathic chemicals (Heisey & Del-
wiche 1985; Qasem & Foy 2001), and the ability to
survive harsh conditions (Cideciyan & Malloch 1982;
Felippe et al. 1983; Fenner 1985). The results suggested
that H. suaveolens prefers rocky and sandy soil and that
these locations lost species because of their selective
competition with H. suaveolens, as compared to the un-
invaded locations. Raizada (2006) also suggested that
species loss in the area occupied by H. suaveolens was
related to its unpalatability to livestock and, thus, selective
avoidance, resulting in other species being heavily used as
fodder by livestock.
Segregation of the 54 species into native and non-native
species indicated that the incidence of non-native species
in the community increased as H. suaveolens dominance
increased (Fig. 3).Considering Habenaria commolinifolia as
an outlier native species, we can conclude that most of
the native species were associated with high-resource
locations (e.g. soil carbon, nitrogen, soil moisture, silt, and
clay). However, the non-native species were present
throughout. The high pH probably coincides with the
sandy and rocky, neutral or alkaline substrate preferred
by H. suaveolens (Fensham 1995).This indicates that H.
suaveolens is an invader of rocky terrains in dry deciduous
forests and favors dry, open locations (Stone 1970;
Mudgal et al. 1997). In Hawaii, USA, H. suaveolens natu-
ralized sparingly in relatively dry, disturbed sites (Wagner
et al. 1999).
CONCLUSIONS
We conclude that H. suaveolens dominance in rocky,
sandy, and open areas decreases plant species diversity in
the Vindhayn highlands. The Vindhyan highlands have
been known as ‘Sonaghati’ (golden valley) due to the
richness of the natural resources and natural indigenous
herbs (Singh et al. 2002), which are used in indigenous
medicine systems.These valuable plants are adapted to a
wide range of climatic conditions and soil textures (Jha &
Singh 1990). Some of them also prefer to grow on
degraded soils and open lands; however, the present study
indicates that these areas are being densely invaded by H.
suaveolens. In view of the attributes that increase the
competitive ability of H. suaveolens, the existence of eco-
nomic herbs in such open lands is under serious threat.
To prevent invasion, management practises should be
designed, keeping in mind that open and rocky forest
areas are suitable for H. suaveolens dominance. Chemical,
mechanical, and biological control measures should be
focused in areas with rocky terrain. If very low H.
suaveolens dominance is observed in areas with high
rockiness, management must be initiated before H. sua-
veolens becomes dominant.
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